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Test circuit and test method 



This is a continuation-in-part of US application No 90/790419 (PHNL000063) 



FIELD OF THE INVENTION 

The invention relates to an integrated circuit and to testing of the 
5 operationality of multiple power supply connections to such an integrated circuit. 

BACKGROUND OF THE INVENTION 

Modern integrated circuits often have a considerable number of external power 
supply pins for the same power supply voltage. This plurality of power supply pins poses a 
1 0 problem during circuit test, because malfunctioning of a part of the power supply pins does 
not normally show up in tests of circuit functionality. 

From US patent No. 5,068,604 it is known to test the operationality of 
multiple power supply connections for the same supply voltage of an integrated circuit by 
observing the voltage drops along power supply conductors. For this purpose, a current 
1 5 drawing circuit is activated that draws a substantial current from the power supply to create 

an observable voltage drop. 

Thus, the power supply connections can be tested both inside the integrated 
circuit and outside the integrated circuit, for example on a printed circuit board on which the 

integrated circuit is mounted. 

20 Generally, too many current drawing circuits should not be activated all at the 

same time. Each current drawing circuit draws a considerable current to create an observable 
voltage drop. Activating all or too many current drawing circuits at the same time could 
damage the integrated circuit due to the large resulting currents and/or power dissipation. 
Supply pins should be tested only one or a few at a time, activating only a few current 

25 drawing circuits that are connected to the power supply conductor near the location where the 
pin or pins under test is or are connected to that power supply conductor. 

The operation of the known test circuit is controlled by commands entered 
through a boundary scan interface. The commands control the activation of the current 
drawing circuits, and they should ensure that not too many current drawing circuits are 
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activated at the same time. However, if the control interface does not operate properly, for 
example due to the very faults in the power supply connection, or because of errors m the 
commands, too many current drawing circuits might be activated simultaneously, causmg 
damage to the integrated circuit. 

5 

SUMMARY OF THE INVENTION 

Amongst others, it is an object of the invention to protect the integrated circuit 
against damage from activation of too many current drawing circuits at the same time. 
The invention provides for an integrated circuit that comprises 
10 - a plurality of power supply pads; 

- a cower supply conductor; 

- a plurality of power supply connections, each coupled between the power supply conductor 
and a respective one of the power supply pads at a respective location along the power supply 
conductor; 

15 - current test circuitry for performing detections, each of a voltage drop between a first and 
second point along a respective one of the power supply connections; 

- switchable test current drawing circuits coupled in parallel at respective further locations 
along the power supply conductor; 

- a test circuit, arranged to cause the current test circuitry to perform said detections 
20 successively, each while activating at least a respective one of the current drawing circuits, 

keeping inactive at least a further respective one of the current drawing circuits that is 
connected to the power supply conductor further from the respective one of the power supply 
connections on which that detection is performed than the activated respective one of the 

current drawing circuits. 
25 Thus only one or more current drawing circuits close to the power supply 

connection under test will be activated. Current drawing circuits further from the power 
supply connection under test are not active when that power supply connection is tested. This 
prevents damage to the integrated circuit due to excessive power dissipation. 

In an embodiment the test circuit comprises a functional chain of signal lines, 
30 each specific to a respective one of the detections, each for carrying a signal responsive to 
completion of activation of the current drawing circuit that is activated during the respective 
one of the detections, at least when that detection has indicated no failure, the test circuit 
controlling activation of the respective ones of the current drawing circuits for successive 
detections with signals from successive ones of the signal lines from the chain. 



wife, 
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Thus it is ensured by a handshake mechanism that a first and second subset of 
current drawing circuits that are used ,0 test different power supply connections cannot be 
activated simultaneous,, even if mere are error, This is realized by using separate stgnal 
lines for different current drawing circuits and ensuring that a se. of cmren, drawing c,rcu,ts 
can only be activated when d. signal line of the preceding set indicates ma, that precedmg 

subset has been de-activated. 

In an embodiment of the integrated circuit according to the invention the test 
circuit is triggered by a reset of the circuit, for example a power-on reset or another type of 
reset Thus, the test of the power supply connections can be performed before any other test 
even without loading a scan chain. Power supply faults, which might lead to erroneous results 
in other tests can thus be detected before these other tests are performed. 

In another embodiment of the integrated circuit according to the invention, 
activation of a subset of the current drawing circuits is triggered by an indication that a test 
using a previous subset of current drawing circuits has detected no failure. Thus, no 
additional signal lines are needed to sequence the activation of different subsets of the current 
drawing circuits. If one of the tests indicates a failure, no further tests are performed, 
additionally reducing the risk of damage. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other objects and advantages of the circuits and methods according 
to the invention will be described in more detail using the following drawing. 

Figure 1 shows a circuit 

Figure 2 shows a further circuit . 



) 



Figure 1 shows part of an integrated circuit. The integrated circuit contains 
power supply pins lOa-c of the integrated circuit and a power supply conductor 12 connected 
via respective power supply connections 18a-c. The integrated circuit also contains voltage 
drop measuring circuits 1 la-c, control switches 13a-h, current sources 14a-e control circuits 
16a-c and a further power supply conductor 17. The power supply conductor 12 is coupled to 
the further power supply conductor 17 via a number of current sources 14a-e. The control 
switches 13a-h axe controlled by control circuits 16a-c. The voltage drop measuring circuits 
1 la-c are each coupled at two points to a respective one of the power supply connections 
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,8a-c. The control circuils 16a-c are coupled in a chain, each conlrol circni, in the chain 
having an outpnt coupled to a next control circuit 16a-c in the chain. 

The power supply conductor 12 normally serves to distribute supply power 
SU pp.y eurren.ro norma, operating circuits (no, shown) such as memories, processor cores 
etc in the integrated circuit When me integrated circuit is mounted on a canier, such as a 
printed ctecui, board (no, showr,), me supply pins lOa-c are electrically connected ,0 one or 
more supply lines (no, shown) on the printed circuit boards. Current is supplied to me power 
supply conductor 12 from the printed circuit board via me supply puts lOa-c. 

The components shown in figure 1 serve ,0 test whether current is supphed 
normally from each of me power supply pins lOa-c. 

In operation, current from each power supply pin lOa-c ,s detected 
successively. To tea, me current from a supply pin lOa-c, a control circuit ,6a-c activates 
(make conductive) a snbse, of me current sources ,4a-e, so that only mis snbse, of the current 
sources Ha-e draws current from the power supply conductor 12. 

The firs, control circuit 16a for example makes a firs,, second and thud current 
source 14a-c draw current from the power supply conductor ,2. The second current source 
,4b draws current mantiy from me firs, power supply conneclion !8, The firs, and «htrd 
current source prevent that to current is significandy rednced due ,0 currents from outer 
power snpply connections. When firs, contro. circuit 16a has activated to firs, second art 
ted current sourco 14a-c, firs, control circuit ,6a reads a current detection result from the 

first voltage drop measuring circuit 11a. 

The firs, voltage drop measuring circuit 1 la compares me voltage drop over a 
par, ,9 of the power supply connection 18a with a threshold and outputs a rearm of to 
comparison to firs, control circuit 16a. This voltage drop is a consequence of the (smaU) 
parasitic resistence of the part 19 and me supply current through me connection 18a (tf 
any).Once the result of the comparison has been obtained, first control circuit ,6a deaCvates 
the first, second an third current source 14a-c. 

The first control circuit 16a signals on its outpu, to second control ctrcmt 16b 
via signals line 5a tot to current sources 14a. have been deactivated. In response, the 
, second con.ro. circuit sterts its par, of me tea., activating the second, tod and four* cunren, 
source 14b-d and measuring ,he current tough the second power supply connechon 1 8b. At 
the end of to measurement the second control circuit 16b deactivates tire current sources 
14b-d and signals completion ,o the next control circuit 16c via its signal line 5b and so on 
(via signa, line 5c and further signal lines. Thus tire control circuits ,6a-c are active one after 
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the other, each activating a subset of the current sources 14a-e. At no time all of the current 

sources 14a-e are active simultaneously. 

In one embodiment, the control circuits operate under control of a clock (not 
shown) taking over control signals to start testing from preceding circuits on clock edges. In 
another embodiment, the control circuits are asynchronous, starting testing upon a transition 

in a signal from a preceding control circuit. 

Although figure 1 shows a particular embodiment it will be clear that different 
embodiments are possible without deviating from the invention. For example, in general a 
much larger number of power supply connections 18a-c and current sources 14a-e will be 
connected to the power supply conductor 12. Also, the number of current sources that is 
activated mav varv. For example, in some cases a control circuit may activate only a single 
current source and in other cases the control circuit may activate more than three current 
source. This depends on the extent to which it is necessary to screen the effect of different 
power supply connections, which in turn depends on the required accuracy and the 
topography of the integrated circuit. Instead of current sources 14a-e other current drawing 

elements may be used etc. 

Figure 1 shows the control circuits 16a-c activating each other in a single 
chain. However, without deviating from the invention the control circuits may activate each 

other in more complicated sequences. 

Figure 2 shows connections between control circuits 20, 22a-c and 24a-c. In 
this arrangement, the control circuits in a first chain 22a-c activate each other in turn and 
control circuit in a second branch 24a-c activate each other in turn via signal lines 26a-b, 
28a b respectively. Such a structure may be used for example when the current drawing 
circuits controlled by the control circuits 22a-c in the first chain are at a substantial distance 
in the integrated circuit from the current drawing circuits controlled by the control circuits 
24a-c in the second chain. Thus, the test is speeded up. 

Various types of signal lines 5a-c, 26a-b, 28a-b may be used to pass control 
signals from one control circuit 16a-c, 20, 22a-c, 24a-c to another. In one embodiment, a 
"ready" signal output is used for this, which is asserted when the test has been completed. In 
) this embodiment the tests are preferably executed for all power supply connections and the 
results of these tests are read out through a shift register, or "anded" to form a single fail/no 
fail result indicating whether any or none of the power supply connection has failed. 

In an advantageous embodiment a test result output of the control circuit is 
used for this. In this embodiment, all control circuits are reset to a "fail" state at the start of 




PHNLO 10324V 

6 13.12.2001 

testing. When a voltage drop measuring circuit 1 la-c measures that current flows through a 
connection under test, the control circuit is set to the no-fail state. A signal indicating the sate 
of the control circuit is passed to the next control circuit to control the start of the test. Thus, 
a control circuit will not start a test if any of its predecessors has detected a failure. At the end 
5 of the chain (or chains) of control circuits only the output of the final control circuit needs to 
be read out to determine whether the integrated circuit has no power supply failures. 

The start of the test may be controlled by a command from a scan chain (not 
shown). But in a preferred embodiment, the test is started by a signal at a reset input (not 
shown) of the integrated circuit, or by a circuit which detect power up and signals this to a 
1 0 reset input. Such a reset input is also coupled to various functional elements (not shown) in 
the integrated circuit and has a function in normal (non-test) operation of the integration 
circuit to set these functional element to a suitable initial state for starting normal operation. 
By using the reset input to triggered the power supply test (preferably conditional on a test 
enable signal to the integrated circuit being asserted during the reset) it is ensured that the 
\l5 power supply test is executed at the start of operation of the integrated circuit, starting before 
any other tests. 

This has the advantage of eliminating the influence of any errors on the start of 
the test and of making it possible to stop further testing at the start of testing if there is a 
power supply failure, which might compromise further tests. It will be clear that this 
|20 advantage also holds when no special measures (such as signal lines 5a-c) are provided to 
prevent simultaneous activation of the current drawing circuits 14a-e. But the use of such 
signal lines is especially advantageous in the case of power supply test on reset, because in 
that case the tests circuit cannot be independently tested before switching on the current 
drawing circuits to detect the risk of damage due to errors. 



